Objectives. The objectiye of this study was to define the electrocardiographic (ECG) and electrophysiologic characteristics of midseptal, anteroseptal and right anterior free wall accessory pathways.
Methods. The fully pre·excited 12·lead surface ECGs and ECGs during orthodromic atrioyentricular (A V) reentrant tachycardia were compared for 13 patients with an anteroseptal, 7 with a midseptal and 7 with a right free wall accessory pathway. Routine electrophysiologic studies were performed in all and stimulation of the right \"entricular summit during tachycardia was accomplished in 10 patients.
Results. Differences in the surface ECGs were not sufficiently sensitiye to distinguish among accessory pathway locations. Premature ventricular complexes induced from the right yentricular septal summit during ventricular activation either advanced the succeeding atrial depolarization or terminated the tachycardia in Proper diagnosis of patients with a septal accessory pathway is more than an interesting intellectual exercise. Catheter ablation using radiofrequency energy is becoming an increasingly important mode of treatment of patients with accessory pathways. Of particular concern is proper diagnosis of patients with a septal accessory pathway and differentiation of such a pathway from a right anterior free wall pathway. Surface electrocardiographic (ECG) as well as electrophysiologic data are important to guide the initial endocardial mapping for radiofrequency ablative procedures. For example, patients diagnosed as having a so-called intermediate septal pathway have a high incidence of surgical failure with a significant risk. of developing complete atrioventricular (A V) block (l,2). These patients should be recognized before surgical or, in particular, catheter ablation because precise localization is required.
three of six patients with a septal pathway and in none of the four with a right anterior pathway. The change in ventriculoatrial (VA) interval with the denlopment of right bundle branch block during orthodromic A V tachycardia proved most helpful in distinguishing these pathways. Patients with a right anterior free wall pathway showed a change in VA inten-al ~40 ms, whereas those with an anteroseptal pathway showed changes of 20 to 30 ms and those with a midseptal pathway showed no change.
Conclusions. Anteroseptal, midseptal and right anterior free wall pathways may be distinguished by using programmed stimulation of the summit of the right \'entricular septum and especially with changes in the VA interval with development of right bundle branch block during orthodromic A V reentrant tachycardia.
(J Am Coli Cardio11992j20:1220-9)
A schema depicting the septal and right anterior free wall is shown in Figure I . The os of the coronary sinus is located approximately one third of the way directly cephalad from the most caudal portion of the atrial septum. Posteroseptal pathways are defined (for purposes of catheter ablative procedures) as having earliest atrial activation during tachycardia at or caudal or apical to the os of the coronary sinus. Posteroseptal fibers course through the posterior pyramidal space and produce a typical ECG pattern manifested as a superior delta wave axis in the frontal plane and a sharp transition from a negative delta wave in lead VIto a positive delta wave in lead V 2 • We define midseptal pathways as those with atrial insertion sites on the septum between the os of the coronary sinus and the His bundle. It is appreciated that the anatomic posteroseptal space extends from the central fibrous body caudad and includes what we define as the midseptal region. The surgical dissection of the posteroseptal space was, in fact, carried anteriorly just caudal to the His bundle and encompassed pathways in what we designate as the midseptal region. The precision required for catheter ablative procedures, however, mandates the need for a fresh approach to this region.
The ECG and electrophysiologic patterns offree wall and posteroseptal accessory pathways have been well characterized (3) (4) (5) (6) . In contrast, intermediate or midseptal pathways have been described in detail in only a few patients and the Figure 1 . Schema depicting the septal spaces. The anatomic posteroseptal space (dark hatched area) extends from the posterior pyramidal space to the central fibrous body (CFB). The anatomic anteroseptal space (AS) is bounded between the aorta (Ao) and the most medial portion of the right atrium (RA). For purposes of catheter ablation it is useful to designate a separate midseptal (MS) space, defined as the septal area between the os of the coronary sinus (CS) inferiorly and the His bundle (H) superiorly. In our study, pathways whose atrial insertion is localized in this area are designated mid septal pathways. According to this schema, pathways traversing the posterior pyramidal space area are designated posteroseptal (PS). TV = tricuspid valve. distinction between midseptal and anteroseptal pathways from nearly contiguous right anterior free wall pathways has not been studied. The purpose of our study was to analyze the ECG and electrophysiologic properties of these pathways. Weiss et al. (7) first showed that right ventricular stimulation was of value in distinguishing septal from left free wall accessory pathways. The basis for this finding is that atrial pre-excitation is more likely when stimuli are applied closer to the site of the pathway.
Our laboratory has adopted a technique for evaluating patients with accessory pathway-mediated tachycardia that consists of pacing the right ventricular summit. This technique, originally described by Coumel et al. (8, 9) , has proved of value in distinguishing left free wall from posteroseptal and right free wall pathways (10) . In this report, we extend our observations using this technique to distinguish between anteroseptal, midseptal and right anterior free wall pathways.
Methods
Electrocardiographic data. From July 1987 through January 1991, a total of 138 patients with accessory pathwaymediated tachycardia underwent invasive electrophysiologic studies. On the basis of endocardial mapping of the atrial insertion site, 27 were found to have either an anteroseptal (13 patients), a midseptal (7 patients) or a right anterior free wall (7 patients) accessory pathway and are the subjects of this study. Electrocardiographic recordings were obtained in all patients during the invasive electrophysioiogic study. SCHEIN MAN ET AL.
ACCESSORY PATHWAYS
Maximally pre-excited 12-lead ECGs were obtained during sinus rhythm or atrial overdrive pacing. All but 4 of the 27 patients had manifest pre-excitation. The initial 40 ms of the pre-excited QRS complex was taken as the delta wave. If the delta wave was upright in a given lead for 40 ms, it was designated as positive (+) for that lead. Conversely, if the delta wave was below baseline for the duration, it was designated as negative (-) . If the delta wave was flat in a given lead during ventricular pre-excitation, it was designated as isoelectric (i). A ± delta wave signifies a small initial positive deflection followed by a negative deflection, whereas a ± designation was used when the initial delta was negative and followed by a positive wave. The delta wave polarity for selected leads in each patient with manifest pre-excitation is detailed in Table I . The simultaneous 3-or 12-lead ECG recordings allowed for estimating both the 40-ms frontal and horizontal delta wave axes. The delta vector was analyzed during maximal ventricular preexcitation. The frontal plane delta vector was obtained by measurements at 40 ms after inscription of the QRS complex from the simultaneously recorded initial 40 ms of the QRS complex in leads I and III. The horizontal delta vector was measured from simultaneous recordings of leads V I and V 6 assuming an axis of I W between these two leads (11).
In addition, the polarity of the retrograde P wave during tachycardia could be clearly defined as positive (+) or negative (-) in at least two of the inferior leads in 15 of the 27 patients. In 12 patients, the P wave was not sufficiently distinct to allow for characterization. The P wave configuration during tachycardia was independently reviewed by two of us (Y-S.W., M.M.S.) without knowledge of the electrophysiologic data, and conflicting interpretations were resolved by consensus.
Invasive electrophysiologic studies. All antiarrhythmic drugs were discontinued for at least 5 half-lives. After informed consent was obtained, multipolar electrode catheters were positioned in the right atrium, right ventricular apex, coronary sinus and across the tricuspid valve for recording the His bundle potential. A fifth catheter (modified Brockenbrough) was introduced into the right atrium to map the right anulus. In four patients, a 2F custom bipolar electrode wire (Viggo-Spectromed) was inserted into the right coronary artery by means of a standard Judkins right coronary catheter to allow mapping of the tricuspid anulus before attempted catheter ablation of these pathways (12) . The electrode wire was inserted into the right coronary artery and advanced to the level of the crux. After orthodromic tachycardia was induced, the wire was withdrawn in 0.5-to I-cm steps allowing for precise mapping along the entire circumference of the tricuspid anulus. All patients underwent overdrive high right atrial and coronary sinus pacing to a paced cycle length of at least 280 ms. Anterograde refractory periods were determined at two basic atrial drive cycle lengths. One, or if needed, two atrial or ventricular premature stimuli were introduced in an attempt to induce supraventricular tachycardia. Incremental right ventricular apical pacing and programmed stimulation were performed to evaluate retrograde conduction.
During orthodromic reciprocating tachycardia in 19 patients with a stable tachycardia cycle length, a single extrastimulus was introduced at the right ventricular apex to scan diastole. Only patients with a stable tachycardia cycle length «10 ms beat to beat variability) were included in the present study. Three patients who did not meet this criterion were excluded. In July 1987, the protocol was modified to include pacing from the summit of the right ventricular septum. Eleven patients underwent attempted programmed stimulation from both the apex and the septal summit of the right ventricle. Right ventricular summit stimulation was attempted from the distal electrode that best recorded the His bundle potential during orthodromic tachycardia. The proximal electrode pair was used to record the low septal atrial electrogram and His bundle electrogram (where possible). In the event consistent right ventricular summit capture was not possible by using increasing current with a maximum of 10 mA, the electrode catheter was advanced slightly. We took care to avoid simultaneous stimulation of the low septal right atrium by using the following criteria:
I. The ventriculoatrial (V A) interval with right ventricular summit stimulation during narrow complex orthodromic A V reentrant tachycardia was the same or longer than the VA interval during orthodromic tachycardia. 2. The sequence of atrial activation was the same during right ventricular summit pacing and during tachycardia. If summit stimulation resulted in shortened stimulus to atrial electrogram interval or the sequence of atrial activation changed, indicating that retrograde activation by way of an accessory pathway was not present, or both, the current strength was decreased. Successful stimulation of the right ventricular summit was achieved in 10 of II consecutive patients in whom it was attempted.
Atrioventricular node reentrant tachycardia was excluded in all patients because ventricular extrastimuli applied to either the right ventricular apex or the right ventricular summit during orthodromic tachycardia at the time that the His bundle (19 patients) was refractory succeeded in advancing the next atrial electrogram, and in all patients the interval from earliest ventricular activation to the septal atrial electrogram exceeded 70 ms. In five patients, accessory pathway participation in the tachycardia circuit was inferred by the identical eccentric sequence of atrial activation with right ventricular pacing compared with that during A V orthodromic tachycardia (two patients) or by consistent tachycardia termination with an atrial deflection either spontaneously or after administration of adenosine (three patients). Preexcitation indexes as defined by Miles et al. (13) were obtained from both right ventricular summit and apical stimulation. The difference (in ms) between the tachycardia cycle length and the interval at which the first premature ventricular beat advanced the succeeding atrial electrogram by at least to ms was defined as PII' The percent of the tachycardia cycle length at which a ventricular premature impulse initially advances the atrial electrogram was defined as PI 2 • Confirmation of pathway location by ablath'e procedures. Accessory pathway location was confirmed in 11 of 27 patients by surgical or radiofrequency catheter ablation (Table 1) (14) . In four patients with accessory pathways localized to the anteroseptal area, successful ablation of the pathway was achieved by radiofrequency application just cephalad and anterior to the region where a maximal His bundle potential was recorded. Of three patients with a midseptal accessory pathway, two underwent successful catheter ablation by application oEadiofrequency energy cephalad to the os of the coronary sinus. In another, epicardial mapping at operation revealed near simultaneous activation of the crux and the anteroseptal region and endocardial mapping localized the atrial insertion to a region 1 cm cephalad to the coronary sinus os. In four patients with a right anterior free wall accessory pathway, a right anterior early ventricular breakthrough was confirmed by endocardial mapping at the time of operation in two and successful catheter ablation was performed in two.
Results
A total of27 patients, 15 male and 12 female with a mean age of 32 ± 16 years (range 12 to 70), were included in the present study. The ECG data are summarized in Table 1 . Of the 24 patients with manifest pre-excitation, there was no significant difference in the mean 40 ms frontal plane delta wave axis (34 ± 26.6°, 1.9 ± 39° and 25 ± 23.9°, respectively, in the groups with an anteroseptal, right anterior or midseptal, accessory pathway). A superior axis was more commonly seen for patients with a right anterior free wall pathway (Fig. 2) , and a negative delta wave in lead a VF was inscribed only in patients with a right anterior pathway (three of seven patients) (Table 1) . Patients with an ante-rosepi-al pathway had a horizontal plane axis that projected significantly more anteriorly (28 ± 28.2°) than that in patients The negative P wave polarity in lead I is also consistent with a left free wa\l pathway. The patient had a single midseptal pathway and it is conceivable that the P wave polarity in lead I suggests early left-sided breakthrough from a mid septal focus.
manifest pre-excitation (Table 1) . Although no delta wave configuration was pathognomonic, the delta waves from patients with an anteroseptal pathway tended to project leftward, inferior and anterior; the right free wall pathways tended to project delta waves oriented left, superior and posterior whereas mid septal pathways tended to have delta vectors oriented leftward, inferior and posterior (Fig. 3) . The P wave vector during orthodromic tachycardia could be clearly defined as positive or negative in one or more of the inferior leads in 15 of 27 patients (Fig. 3) . There was no significant difference in the percent of patients in each group with positive or negative P waves (in the inferior leads) during supraventricular tachycardia.
Effects of bundle branch block. Seventeen patients had transient right bundle branch block during orthodromic tachycardia: seven with an anteroseptal, six with a mid septal and four with a right anterior pathway. The VA time during right bundle branch block was prolonged compared with that found during narrow complex tachycardia for all but two of the seven patients with an anteroseptal pathway and for all four with a right anterior pathway (Fig. 4) but did not change in any of the patients with a midseptal pathway. The mean increase in the VA interval for patients with a right anterior pathway and right bundle branch block (mean 54 ± 11.1, range 40 to 65 ms) was significantly greater than that for patients with an anteroseptal pathway (range 20 to 30 ms) (p < 0.01) with no overlap between the groups (Fig. 5) . Four patients, two with an anteroseptal pathway and two with a right anterior pathway, developed a sustained right bundle branch block pattern during orthodromic tachycardia. Premature right ventricular extrastimuli applied from the right ventricular apex or summit during sustained right bundle branch block tachycardia resulted in a decrease in the V A JACC Vol. 20, No.5 November I, 1992:1220-9 interval of 10 to 20 ms and was associated with the same sequence of atrial excitation (Fig. 6 ). These data suggest that the right bundle branch supplies the anteroseptal and right anterior free wall. A left bundle branch block pattern during tachycardia was observed in three patients with an anteroseptal, three with a mid septal and one with a right anterior pathway. The left bundle branch block pattern was associated with a decrease in the V A interval (20 and 30 ms, respectively) for one patient with an anteroseptal and one with a right anterior pathway but was unchanged in one patient with an anteroseptal and in three with a midseptal pathway.
Programmed stimulation from the right ventricular apex was performed during tachycardia in 16 patients: 5 with an anteroseptal, 5 with a midseptal and 6 with a right anterior pathway. Ten of these 16 patients underwent programmed stimulation from the summit of the right ventricular septum; of these, 4 had a right anterior, 3 had a midseptal and 3 had an anteroseptal pathway.
The percent cycle length at which an induced ventricular depolarization (from either the right ventricular apex or the right ventricular septum) first advanced the next atrial depolarization (pre-excitation index, PI 2 ) is shown in Figure 7 . These data were collected during narrow complex orthodromic tachycardia. There was no significant change in PI 2 between groups whether stimuli were applied at either the right ventricular apex or the right ventricular septum. There was a trend among the limited data available toward a higher pre-excitation index for septal pathways (particularly anteroseptal pathways) in response to the right ventricular septum compared with right ventricular apical pacing. Similarly, we found no significant change in the magnitude of the curtailed atrial cycle length (PI.) in response to either right ventricular septal or right ventricular apical pacing among the three groups. Only in patients with a septal accessory pathway (three of six attempts) could atrial depolarization be advanced when right ventricular septal premature ventricular depolarizations were introduced after inscription of the QRS complex. This finding was never observed with stimulation from the right ventricular apex. This observation was true for patients with a narrow complex as well as those with a right bundle branch block pattern during tachycardia and suggests that because of proximity to septal pathways, right ventricular summit stimulation may advance the atrial depolarization even while ventricular activation is incomplete. Tachycardia termination.' The incidence and percent of the tachycardia cycle length at which an induced ventricular depolarization resulted in tachycardia termination is detailed in In all five patients with a septal pathway, the pre-excitation index was longer for right ventricular septal than for right ventricular apical stimulation. In contrast, this index was similar for stimulation sites in the two patients with a right anterior free walI pathway. In addition, a decrease in the atrial cycle length with stimuli introduced at 100% of the tachycardia cycle length was seen only in those with a septal pathway.
apex or the right ventricular summit resulted in tachycardia termination in 92.3% (right ventricular apex), 100% (right ventricular summit) of patients with a septal accessory pathway compared with only 20% (right ventricular apex), 25% (right ventricular summit) of those with a right anterior pathway. The reason for this difference was not related to differences in the retrograde refractory periods of septal Figure 8 . Percent of the tachycardia cycle length (CL) at which premature ventricular stimuli terminated the tachycardia (ordinate). The termination cycle length was usualIy longer with right ventricular septal than for right ventricular apical stimulation for the six patients with a septal pathway who were studied with both techniques. Tachycardia termination at 100% of cycle length occurred only in patients with a septal pathway (n = 3). Abbreviations and symbols as in Figure 7 . versus right free wall pathways. The most likely explanation for the difference in greater likelihood of tachycardia termination for septal pathways is explained on the basis of stimulation closer to the tachycardia circuit. It is likely that right ventricular apical pacing primarily involves pacing of the right ventricular apical septum; hence, termination of tachycardia might be easier with septal than with free wall pathways. In addition, tachycardia termination either with or without (Fig. 9 ) retrograde atrial depolarization with premature ventricular depolarizations induced during inscription of the QRS complex (2: 100% of tachycardia cycle length) was observed only in response to right ventricular septal stimulation for patients with a septal accessory pathway. This response was observed in three patients at 102%, 105%, and 106%, respectively, of the tachycardia cycle length.
Discussion
Surface electrocardiography. Prior reports have documented the excellent sensitivity and specificity of the maximally pre-excited 12-lead EeG for diagnosis of patients with a posteroseptal or free wall accessory pathway. Less well described are the EeG patterns of patients with an anteroseptal or a midseptal accessory pathway. In a preliminary report, Gallagher et al. (2) suggested that intermediate septal pathways (that is, those with atrial insertion sites between the os of the coronary sinus and the His bundle) have a 12-lead EeG projection similar to that of an anteroseptal accessory pathway and pointed out the high incidence of surgical failure and attendant A V block. Epstein et al. (I) observed two distinct patterns in 4 patients with a "septal" accessory pathway who underwent careful surgical mapping. One pattern showed earliest atrial activation at the apex of Koch's triangle, the other consisted of earliest atrial activation in the region between the coronary sinus os and the His bundle. The atrial insertion of their type II pattern most closely resembles our anteroseptal pattern. The pattern in their other three patients resembles our midseptal pattern.
We found significant overlap in the surface EeG findings among the three patient groups. Several clues appear to be helpful. A delta wave with a superior axis in the frontal plane was more often observed in patients with a right anterior free wall pathway. This type of pattern has been described by others. In addition, patients with a midseptal pathway tended to have a delta vector in the horizontal plane oriented more posteriorly than that in patients with an anteroseptal accessory pathway. Because of significant overlap among groups as well as among patients with right free wall connections, these findings are of limited value for individual patients.
Retrograde atrial activation. We corroborated the observations by Biblo et al. (15) that patients with a septal accessory pathway may have positive P waves during orthodromic reciprocating tachycardia. This finding was not specific either in differentiating between anteroseptal or midsep- tal pathways or between these septal pathways and right anterior pathways. In our experience, all patients with a septal accessory pathway and positive P wave polarity in one or more of the inferior leads (during orthodromic tachycardia) had a low septal atrial electrogram preceding that from the high right atrium). The findings of a positive P wave in the inferior leads during orthodromic tachycardia in patients with a septal as well as in those with a right anterior free wall pathway suggest rapid activation of superior right atria loci with later spread to inferior atrial areas.
Right ventricular summit stimulation. In a previous report (10) , we detailed the value of stimulating the summit of the right ventricular septum to distinguish posteroseptal accessory pathways from right or left free wall pathways. The logic of this approach rested on the premise that ventricular stimulation (during orthodromic tachycardia) induced nearer the location of the accessory pathway was more apt to advance the subsequent atrial depolarization with premature ventricular depolarizations introduced later in the tachycardia cycle. We used the same approach in this study to differentiate septal from right anterior free wall pathways. We applied the concept of the pre-excitation index by using both right ventricular apex and right ventricular summit stimulation. When right ventricular apical stimulation was used, the percent of the tachycardia cycle length at which a premature ventricular depolarization advanced the next atrial deflection was similar in the groups with a septal or right anterior free wall pathway and similar to that described by Miles et al. (13) for patients with a septal accessory pathway. We did find that advancement of the atrial deflection with a right ventricular summit premature ventricular depolarization occurring after the inscription of the ventricular depolarization (that is, at > 100%) of the tachycardia cycle length) occurred only in those with a septal pathway. Unfortunately, this finding was seen in only three of six patients studied and needs confirmation in more patients.
Tachycardia termination. Tachycardia was more readily terminated by pacing from either the right ventricular apex or the right ventricular septum in patients with a septal accessory pathway than in patients with a right anterior pathway. The explanation for this finding is not clear. In addition, tachycardia termination with premature ventricular depolarizations introduced at ~loo% of the tachycardia cycle length occurred only with right ventricular summit premature depolarizations in patients with a septal accessory pathway. For the septal pathway group as a whole, right ventricular septal stimulation at ~loo% of the tachycardia cycle length either advanced the atrial cycle length or terminated the tachycardia in three of six patients tested. These observations confirm the hypothesis that stimulation close to the tachycardia circuit may result in advancement of the atrial cycle length or tachycardia termination with late premature ventricular depolarizations. In this study, pathway location was determined on the basis of finding the atrial insertion site. We recognize that the atrial site may vary from the ventricular insertion site.
Effects of bundle branch block patterns. The most significant finding was the effect of right bundle branch block on the VA interval during orthodromic tachycardia. We confirmed the previous finding that right bundle branch block resulted in prolongation of the VA interval in patients with a right anterior free wall or an anteroseptal accessory pathway (16, 17) . Prolongation of the VA interval during right bundle branch block was significantly longer for patients with a right anterior pathway than for those with an anteroseptal pathway. In contrast, none of the six patients with a mid septal pathway who developed right bundle branch block during tachycardia showed prolongation of the VA interval. There was no change in the VA interval for three of the seven patients with a midseptal pathway who showed both normal and left bundle branch block patterns during tachycardia.
Analysis of the distribution of the bundle branches may explain our findings. Lazzara et al. (18, 19) showed that there is no contact between Purkinje and myocardial cells in the upper septum. They concluded that impulses spread up the septum from the lower Purkinje system from myocardial conduction alone. Moreover, they failed to either stain Purkinje cells or record Purkinje action potential from either side of the upper septum. Similar findings were reported by Myerburg et al. (20) . We conclude that patients with midseptal pathways show no change in retrograde conduction during tachycardia with either right or left bundle branch because of the pattern of Purkinje activation of the septal crest.
A decrease in VA interval with development of left bundle branch block was observed in one patient with a septal and one with a right anterior free wall pathway. This finding was previously described for patients with right-sided accessory pathways (21, 22) and occurs because of the later onset of QRS activation associated with a left bundle branch pattern.
Limitations of the study. The technical difficulties in establishing a reference standard to differentiate these pathways by current endocardial mapping techniques cannot be minimized. Our mapping was perhaps more precise than that of other investigators because we used the right coronary artery for detailed mapping of the tricuspid ring in four patients (12) . In addition, we could confirm the predicted anatomic location of the pathway by successful radiofrequency catheter or surgical ablation in II of the 27 patients. The potential difficulties in distinguishing midseptal pathways that are posterior in location from posteroseptal pathways was not addressed in our study. This limitation does not affect our conclusions relative to ECG and electrophysiologic changes found for midseptal, anteroseptal and right anterior pathways.
Conclusions. In this report, we characterized the ECG and electrophysiologic properties of anteroseptal, midseptal and right anterior free wall accessory pathways. We found significant overlap of the surface ECG delta wave configuration among the groups. However, finding a superior delta wave vector in the frontal plane was more compatible with a right anterior pathway and patients with a midseptal pathways had a delta vector that was oriented significantly more posteriorly than that in patients with an anteroseptal pathway. Moreover, substantial overlap exists between the ECG patterns described in this report and those of right free wall pathways in all locations. The P wave orientation during orthodromic tachycardia failed to separate septal from free wall pathways. A premature ventricular depolarization from the right ventricular summit during narrow complex tachycardia that advanced the atrial deflection or terminated the tachycardia when introduced at ;::: 100% of the tachycardia cycle length never occurred with pathways away from the septum. The most useful feature for pathway differentiation was the change in VA interval when right bundle branch block occurred during supraventricular tachycardia. Patients with a midseptal pathway showed no change in the V A interval, those with an anteroseptal pathway showed changes of 20 to 30 ms and those with a free wall pathway showed changes of 40 to 65 ms. There was no overlap in the change in VA interval among groups; however, two patients with an anteroseptal pathway showed no change in the V A interval with right bundle branch block. Attempts to achieve a bundle branch block pattern were most often successful either by introducing atrial premature depolarizations or by rapid atrial pacing during sinus rhythm.
